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METHOD, MEDIUM, AND SYSTEM
COMPRESSING AND/OR
RECONSTRUCTING IMAGE INFORMATION
WITH LOW COMPLEXITY

CROSS-REFERENCE TO RELATED
APPLICATIONS

This applicationis a continuation application of U.S. appli-
cation Ser. No. 11/890,496, filed on Aug. 7, 2007 in the U.S.
Patent and Trademark Office, which claims the benefit of
Korean Patent Application No. 10-2006-0077776, filed on
Aug. 17,2006, in the Korean Intellectual Property Office, the
disclosures of each of which are incorporated herein in their
entirety by reference.

BACKGROUND

1. Field

One or more embodiments ofthe present invention relate to
a system for compressing and/or reconstructing images, and
more particularly, to an image encoder/decoder system suit-
able for Liquid Crystal Display Dynamic Capacitance Com-
pensation (LCD DCC) devices.

2. Description of the Related Art

FIG. 1 illustrates a portion of a conventional Liquid Crystal
Display Dynamic Capacitance Compensation (LCD DCC)
device.

Referring to FIG. 1, this conventional LCD DCC device
includes a memory 11 and a Lookup Table (LUT) module 12.
The LCD DCC device is used to apply a voltage higher than
a required voltage to the pixels of a Thin Film Transistor
(TFT)-LCD panel, in order to enhance the response time of
the TFT-LCD panel. For example, if a current voltage of a
pixel in the TFT-L.CD panel is A and the following voltage of
the pixelis B, the LCD DCC device applies the voltages to the
pixel in the order of A->C->B (where C is a voltage higher
than A or B) without applying the voltages to the pixel in the
order of A->B. Hereinafter, a process in which a LCD DCC
device calculates a voltage value for enhancing the response
time of a TFT-LCD panel will be described, and then prob-
lems of such conventional techniques will be described.

Referring to FIG. 1, the memory 11 receives and stores
information of a current picture. When the information of the
current picture is received, information of the previous pic-
ture is already stored in the memory 11.

The LUT module 12 calculates a voltage value required to
achieve a target response time of a TFT-LCD panel, with
reference to a lookup table. In more detail, the LUT module
12 searches for voltage value information corresponding to a
difference between the luminance value of a certain pixel of a
currently received picture and the luminance value of the
corresponding pixel of the previous picture stored in the
memory 11, from the lookup table, and calculates a voltage
value required to achieve the target response time of the
TFT-LCD panel, using the voltage value information and
information on the target response time of the TFT-LCD
panel.

As described above, in order to calculate the voltage value
required to achieve the target response time of the TFT-LCD
panel, information of the previous picture must be stored in
the memory 11. The higher the picture quality, the larger the
amount of data of the picture. Accordingly, a variety of tech-
niques for compression-storage of pictures in a memory have
been proposed. Conventional image compression techniques
include the JPEG (Joint Photographic Experts Group) stan-
dard, the H.264 (intra coding) standard, the JPEG-LS stan-
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dard, etc. However, these standards have the following prob-
lems when they are applied to LCD DCC devices.

First, there is a picture quality problem that occurs. When
image data is compressed to %5-Y4 the size of the original
image data, according to any one of the above-mentioned
image compression methods, no significant problems occur
in view of objective picture quality, e.g., measured by a Peak
Signal-to-Noise Ratio (PSNR). However, in the case of the
JPEG or H.264 standard based on transform coding, subjec-
tive picture quality performance deteriorates. In particular,
based on a phenomenon in which the edge portions of an
image appear crushed, a subjective interpretation of video
quality may be that picture quality has deteriorated along the
edge portions. Since LCD DCC devices drive a TFT-LCD
channel that is to be shown directly to people, such subjective
picture quality tends to be more important than objective
picture quality in compression codecs for LCD DCC. That is,
the compression codecs for LCD DCC devices typically
should provide high picture quality performance so that
people should not recognize the differences between pixel
values caused by image compression.

Another problem related to transform coding compression
occurs when images shift in units of a pixel, e.g., with an
object within the image moving, thereby shifting pixel values
among neighboring pixels. Though there may be no apparent
difference between an original image and its reconstructed
image when the original image is shifted in a unit of each
pixel, when an original image is transform coding com-
pressed and reconstructed a slight difference between pixel
values within the same particular block has substantial influ-
ence on the reconstructed image. Accordingly, when an
image is shifted in a unit of a pixel and input to an LCD DCC
device even a slight difference between pixel values will be
easily recognized by users.

Second, since all of the above-mentioned image compres-
sion techniques are based on entropy coding, a critical path
happens when images are decoded, and accordingly the com-
plexity of a decoder significantly increases. Here, “critical
path” means the longest process path among process paths
that must be concurrently performed to complete all required
processes. That is, “critical path™ means a path requiring the
longest process time among all process paths. In particular, in
the case of the JPEG and H.264 standards that perform trans-
form coding in a unit of a block, the complexity of a decoder
further increases. Furthermore, since the H.264 standard uses
intra prediction, the amount of memory use increases and the
complexity of a decoder further increases.

Third, all of the above-mentioned image compression tech-
niques allow bit rate control to some degree, however, they
cannot generate an exact bit rate. For example, when the
above-mentioned image compression techniques control a bit
rate to achieve Y2 compression, the bit rate will be limited
within 12 compression due to the capacity limitation of a
memory used in the corresponding LCD DCC device. If bit
rate control is successfully performed according to one of the
above-mentioned image compression techniques, the amount
of data is generated at a %2 compression rate. However, if bit
rate control fails, the amount of data may be generated at a
compression rate lower than the %2 compression rate. There-
fore, the above-mentioned techniques are not suitable for
image compression for LCD DCC devices which uses a fixed
capacity of a memory.

SUMMARY

One or more embodiments of the present invention provide
a system, medium, and method enhancing subjective picture
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quality, thereby significantly lowering the complexity of an
image encoder/decoder system, and providing a picture-
based Control Bit Rate (CBR) suitable for a Liquid Crystal
Display Dynamic Capacitance Compensation (LCD DCC)
device, when images are reconstructed.

Additional aspects and/or advantages of the invention will
be set forth in part in the description which follows and, in
part, will be apparent from the description, or may be learned
by practice of the invention.

To achieve the above and/or other aspects and advantages,
embodiments of the present invention include a data com-
pression method, including selecting a mode from among a
plurality of modes for compressing current data, according to
predetermined criteria, and selectively, according to the
selected mode, performing at least one of a calculating of a
difference between the current data and reference data and
truncating a portion of the current data, and selectively com-
pressing the current data according to the calculated differ-
ence and/or the truncated portion of the current data.

To achieve the above and/or other aspects and advantages,
embodiments of the present invention include a system with
data compression, including a selection unit selecting a mode
from among a plurality of modes for compressing current
data, according to predetermined criteria, a first encoding unit
to selectively calculate a difference between the current data
and reference data, according to the selected mode, and a
second encoding unit to selectively truncate a portion of the
current data, and an output unit to selectively combine
encoded current data from the first encoding unit and the
second encoding unit based upon the calculated difference
and/or compressed current data based upon the truncated
portion of the current data.

To achieve the above and/or other aspects and advantages,
embodiments of the present invention include a data recon-
struction method to reconstruct compressed current data
compressed according to a mode, from among a plurality of
modes, the method including identifying the mode, from
among the plurality of modes, for reconstructing the current
data, and selectively, according to the identified mode, per-
forming at least one of an adding of reference data to com-
pressed data of the current data, when the compressed data of
the current data represents a difference between the current
data and the reference data, and adding a predetermined
binary value to the compressed data of the current data, when
the compressed data of the current data corresponds to trun-
cation of the current data, reconstructing the current data
based upon the adding of the reference data to the compressed
data of the current data and/or the adding of the predeter-
mined binary value to the compressed data of the current data.

To achieve the above and/or other aspects and advantages,
embodiments of the present invention include a system with
data reconstruction to reconstruct compressed current data
compressed according to a mode, from among a plurality of
modes, the system including an identifying unit to identify the
mode, from among the plurality of modes, for reconstructing
the current data, a first decoding unit to selectively add refer-
ence data to compressed data of the current data, when the
compressed data of the current data represents a difference
between the current data and the reference data, a second
decoding unit to selectively add a predetermined binary value
to the compressed data of the current data, when the com-
pressed data of the current data corresponds to truncation of
the current data, and an output unit to reconstruct the current
data based upon the adding of the reference data to the com-
pressed data of the current data and/or the adding of the
predetermined binary value to the compressed data of the
current data.
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To achieve the above and/or other aspects and advantages,
embodiments of the present invention include a data com-
pression/reconstruction method, including selectively,
according to a selected mode of a plurality of modes, per-
forming at least one of a calculating of a difference between
current data and reference data and truncating a portion of the
current data, and selectively compressing the current data
according to the calculated difference and/or the truncated
portion of the current data, storing the compressed current
data, and selectively adding at least one of the reference data
or a predetermined binary value to the compressed current
data, based on the selected mode, and reconstructing the
current data.

To achieve the above and/or other aspects and advantages,
embodiments of the present invention include a data com-
pression/reconstruction system including a compression unit
to selectively, according to a selected mode of a plurality of
modes, performing at least one of a calculating of a difference
between current data and reference data and truncating a
portion of the current data, and selectively compressing the
current data according to the calculated difference and/or the
truncated portion of the current data, a memory storing the
compressed current data, and a reconstruction unit to selec-
tively add at least one of the reference data or a predetermined
binary value to the compressed current data, based on the
selected mode, and reconstructing the current data.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects and advantages of the invention
will become apparent and more readily appreciated from the
following description of the embodiments, taken in conjunc-
tion with the accompanying drawings of which:

FIG. 1 illustrates a portion of a conventional Liquid Crystal
Display Dynamic Capacitance Compensation (LCD DCC)
device;

FIG. 2 illustrates a portion of a LCD DCC device/system,
according to an embodiment of the present invention;

FIG. 3 is a view for explaining an example to which a
Differential Pulse Code Modulation (DPCM) method per-
formed by a data compression system, such as that illustrated
in FIG. 2, is applied, according to an embodiment of the
present invention;

FIG. 4 is a view for explaining an example to which a Pulse
Code Modulation (PCM) method performed by a data com-
pression system, such as that illustrated in FIG. 2, is applied;

FIG. 5 illustrates a data format compressed by a data com-
pression system, such as that illustrated in FIG. 2, according
to an embodiment of the present invention;

FIG. 6 illustrates a data compression system, such as that
illustrated in FIG. 2, according to an embodiment of the
present invention;

FIG. 7 is a view for explaining a zero mode in which a data
compression system, such as that illustrated in FIG. 6, com-
presses data without shifting the bits of any color compo-
nents, according to an embodiment of the present invention;

FIG. 8 is a view for explaining a first mode in which a data
compression system, such as that illustrated in FIG. 6, com-
presses data after shifting the bits of a B color component by
1 bit without shifting the bits of R and G color components,
according to an embodiment of the present invention;

FIG. 9 is a view for explaining a second mode in which a
data compression system, such as that illustrated in FIG. 6,
compresses data after shifting all color components respec-
tively by 1 bit, according to an embodiment of the present
invention;
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FIG. 10 is a view for explaining a third mode in which a
data compression system, such as that illustrated in FIG. 6,
compresses data after shifting R and G color components
respectively by 1 bit and shifting a B color component by 2
bits, according to an embodiment of the present invention;

FIG. 11 is a view for explaining a fourth mode in which a
data compression system, such as that illustrated in FIG. 6,
compresses data after shifting all color components respec-
tively by 2 bits, according to an embodiment of the present
invention;

FIG. 12 isa view for explaining a fifth mode in which a data
compression system, such as that illustrated in FIG. 6, com-
presses data after shifting R and G color components respec-
tively by 2 bits and shifting a B color component by 3 bits,
according to an embodiment of the present invention;

FIG. 13 is a view for explaining a sixth mode in which a
data compression system, such as that illustrated in FIG. 6,
compresses data after shifting all color components respec-
tively by 3 bits, according to an embodiment of the present
invention;

FIG. 14 is a view for explaining a seventh mode in which a
data compression system, such as that illustrated in FIG. 6,
compresses data after shifting R and G color components
respectively by 3 bits and shifting a B color component by 4
bits, according to an embodiment of the present invention;

FIGS.15,16,and 17 are views for explaining eighth, ninth,
and tenth modes in which a data compression system, such as
that illustrated in FIG. 6, compresses data after shifting all
color components respectively by 4 bits;

FIG. 18 is a view for explaining an eleventh mode in which
a data compression system, such as that illustrated in FIG. 6,
compresses data after shifting R and G color components
respectively by 4 bits and shifting a B color component by 5
bits, according to an embodiment of the present invention;

FIG. 19 illustrates a data compression method, according
to an embodiment of the present invention;

FIG. 20 illustrates a data reconstruction system, such as
that illustrated in FIG. 2, according to an embodiment of the
present invention; and

FIG. 21 illustrates a data reconstruction method, according
to an embodiment of the present invention.

DETAILED DESCRIPTION

Reference will now be made in detail to embodiments of
the present invention, examples of which are illustrated in the
accompanying drawings, wherein like reference numerals
refer to the like elements throughout. Embodiments are
described below to explain the present invention by referring
to the figures.

FIG. 2 illustrates a portion of a Liquid Crystal Display
Dynamic Capacitance Compensation (LCD DCC) device/
system according to an embodiment of the present invention.

Referring to FIG. 2, the LCD DCC device includes a data
compression system 21, a memory 22, a data reconstruction
system 23, and a LUT 24, for example.

The data compression system 21 may compress data, e.g.,
using one of two data compression methods, that is, a Differ-
ential Pulse Code Modulation (DPCM) method and a Pulse
Code Modulation (PCM) method, for example.

The memory 22 may receive and store the compressed data
from the data compression system 21. By performing this
operation, when a current picture is received, the previous
picture may already be stored in the memory 22.

The data reconstruction system 23 may reconstruct data
using one of the two data compression methods, that is, the
DPCM method and the PCM method, for example.
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The LUT module 24 may calculate a voltage value required
to achieve a target response time of a TFT-LCD panel, with
reference to a lookup table. In more detail, the LUT module
24 may search the lookup table for voltage value information
corresponding to a difference between the luminance value of
a certain pixel in the currently received picture and the lumi-
nance value of the corresponding pixel in the previous pic-
ture, e.g., as reconstructed by the data reconstruction system
23, and calculate the voltage value required to achieve the
target response time of the TFT-LLCD panel, using the voltage
value information and the target response time of the TFT-
LCD panel.

FIG. 3 is a view for explaining an example in which a
DPCM method is performed by the data compression system
21, for example.

Referring to FIG. 3, the data compression system 21 may
calculate a difference between current image data and refer-
ence data, using the DPCM method, and compress the current
image data based on the calculated difference. In particular, in
the example illustrated in FIG. 3, 32 bits corresponding to 4
pixels are compressed to 17 bits.

FIG. 4 is a view for explaining an example in which a PCM
method is performed by the data compression system 21, for
example.

Referring to FIG. 4, the data compression system 21 may
merely truncate a portion of current image data, using the
PCM method, to compress the current image data. In particu-
lar, in the example illustrated in FIG. 4, the lower 4 bits of
original data 31 (00011111) are truncated.

The lower 4 bits (that is, “1000”) will be added when the
original data is reconstructed, so that data representing a
value of 24 (00011000) is reconstructed. Herein, the term
“PCM method” is used to explain a technical concept that is
different from the “DPCM” method, and may also, for
example, further be different from the technical concept of a
typical PCM method of converting analog signals into digital
signals. Thus, alternative terms can be used for this PCM
method described herein, e.g., a truncation compression
method, noting that alternatives are equally available.

From the above descriptions, it should be understood that
the DPCM and PCM methods, which may be used by the data
compression system 21 and the data reconstruction system
23, for example, can have very low complexity compared to
conventional image compression methods, such as JPEG,
H.264, and JPEG-LS standards. In particular, in an embodi-
ment, by using the DPCM and PCM methods, for example,
data can be easily compressed by a constant amount. Accord-
ing one embodiment, a constant bit rate required by LCD
DCC devices/systems can be exactly achieved.

FIG. 5 illustrates a data format compressed by a data com-
pression system, such as system 21 illustrated in FIG. 2,
according to an embodiment of the present invention. Below,
and further herein, the reference to the data compression
system 21 is used only as an example, and alternative data
compression systems are equally available.

Referring to FIG. 5, the data compression system 21 may
V4 compress 96 bits of image data, for example, correspond-
ing to a 2x2 size block (hereinafter, simply referred to as a
“2x2 block”) made up of 4 pixels PO, P1, P2, and P3, thereby
generating 48 bits of compressed data. Here, each pixel of the
2x2 block includes 8 bits of current image data corresponding
to a Red (R) component, 8 bits of current image data corre-
sponding to a Green (G) component, and 8 bits of current
image data corresponding to a Blue (B) component, for
example. Accordingly, in this example, each pixel data is
represented by 24 bits, and the overall 2x2 block is repre-
sented by 96 bits.
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The data compression system 21 may compress the 2x2
block to 4 bits of mode data and 44 bits of compressed data.
Inmore detail, 4 bits may be assigned to the 8 bits correspond-
ing to the R component of each pixel, 4 bits may be assigned
to the 8 bits corresponding to the G component of each pixel,
and 3 bits may be assigned to the 8 bits corresponding to the
B component of each pixel, again noting that alternative
embodiments are equally available. In order to achieve an
exact % compression rate of the 96 bits, 4 bits may be
assigned to the mode data, and 3 bits may be assigned to the
B component of each pixel, as illustrated in FIG. 5.

As described above, in this embodiment, since the DPCM
or PCM compression methods with 2x2 blocks are used, it is
possible to minimize picture quality deterioration when
images shift, compared to conventional image compression
methods in which images are compressed in a unit of 16x16
macroblocks or 8x8 blocks. That is, since this embodiment
compresses and/or reconstructs images in units of very small
pieces, e.g., the 2x2 blocks, compared to the conventional
methods, a slight difference between the values of pixels
within a block does not substantially influence the result
obtained by compressing and reconstructing the correspond-
ing image. Accordingly, this embodiment can significantly
enhance subjective picture quality performance.

Embodiments of the present invention can be widely
applied to image compression fields requiring low complex-
ity and subjective lossless picture quality, other than the
above-mentioned LCD DCC device/system illustrated in
FIG. 2. For example, embodiments may be applied to image
compression for Display Driver IC (DDI), reference picture
compression of an image encoder/decoder system, etc.

FIG. 6 illustrates data compression system, again such as
the data compression system 21 illustrated in FIG. 2, accord-
ing to an embodiment of the present invention.

Referring to FIG. 6, the data compression system 21 may
include a splitter 61, a bit shifter 62, a mode selection unit 63,
a DPCM encoder 64, a PCM encoder 65, and a MUX 66, for
example.

The splitter 61 may receive a current picture, divide the
current picture into units of 2x2 blocks as illustrated in FIG.
5, and output at least one divided 2x2 block to the bit shifter
62, for example.

The bit shifter 62 may also receive a 2x2 block from the
DPCM encoder 64, shift 8 bits of current image data corre-
sponding to each color component of each pixel of the 2x2
block, and 8 bits of reference image data corresponding to the
8 bits of current image data, in a unit of 1 bit, in a direction to
the right, and output the result of the bit-shifting to the mode
selection unit 63. In addition, whenever the bit shifter 62
shifts the current image data in a unit of 1 bit to the right, the
bit shifter 62 may increase the indicated number of bit-shift-
ing operations of the current image data by “1”. Here, the bit
shifter 62 may also receive the current image data corre-
sponding to a 2x2 block from the splitter 61 and output the
current image data to the DPCM encoder 64, without bit-
shifting, in which case, the bit shifter 62 may set the indicated
number of bit-shifting operations of the current image data to
“0”.

Thus, the current image data received from the DPCM
encoder 64 may not be shifted by the bit shifter 92, or may be
shifted at least once by the bit shifter 62. In addition, the
reference image data may be image data of one pixel from
among pixels adjacent to a pixel corresponding to the current
image data. The reference image data may be image data
which is most closely matched with the current image data,
among image data corresponding to the adjacent pixels. In
one embodiment, itis assumed that a reference pixel of a pixel
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PO is a pixel P-1, a reference pixel of a pixel P1 is a pixel PO,
a reference pixel of a pixel P2 is a pixel P0, and a reference
pixel of a pixel P3 is the average value of the pixel P1 and the
pixel P2. The pixel P-1 may be one pixel from among the
adjacent pixels of the pixels PO, P1, P2, and P3, for example.

In addition, the shifting the 8 bits of current image data and
the 8 bits of reference image data in the unit of 1 bit to the right
means shifting the current image data in the unit of 1 bit
toward the Least Significant Bit (LSB) side. Accordingly,
such shifting by the unit of 1 bit is equivalent to dividing the
8 bits of'a current image data value by 2 and dividing the 8 bits
of a reference image data value by 2.

The mode selection unit 63 may select a mode, from among
a plurality of modes which can compress the current image
data, on the basis of the number of the bit-shifting operations
of'the 8 bits of current image data corresponding to each color
component of each pixel of the 2x2 block received from the
bit shifter 62. In more detail, if the number of the bit-shifting
operations of the 8 bits of current image data does not exceed
4 when the color component is a R or G component, or if the
number of the bit-shifting operations does not exceed 3 when
the color component is a B component, the mode selection
unit 63 may select a DPCM encoding mode corresponding to
the number of the bit-shifting operations, from among a plu-
rality of DPCM encoding modes, and output the 8 bits of
current image data bit-shifted by the number of the bit-shift-
ing operations to the DPCM encoder 64. If the number of the
bit-shifting operations of the 8 bits of current image data
exceeds 4 when the color component is an R or G component,
or if the number of the bit-shifting operations exceeds 3 when
the color component is a B component, the mode selection
unit 63 may select a PCM encoding mode, and output the 8
bits of current image data to the PCM encoder 65 without
bit-shifting, e.g., for merely truncation of the image data. In
this example, the current image data output to the PCM
encoding unit 65 by the mode selection unit 63 is a value that
is not bit-shifted. When the color component is an R or G
component, the current image data may be a value which is
bit-shifted 4 times. When the color component is a B compo-
nent, the current image data may be a value that is bit-shifted
3 times. In one embodiment, as described herein, 12 encoding
modes are provided, noting that alternatives are equally avail-
able. These 12 encoding modes will be described in further
detail below with reference to FIGS. 7 through 18.

The DPCM encoder 64 may calculate a difference between
the 8 bits of current image data corresponding to each color
component of each pixel of the 2x2 block received from the
mode selection unit 63, and the 8 bits of reference image data
corresponding to the 8 bits of current image data, according to
a mode selected by the mode selection unit 63, to compress
the current image data. In more detail, in this embodiment, if
the mode selected by the mode selection unit 63 is a DPCM
encoding mode, the DPCM encoding unit 64 may, thus, cal-
culate a difference between the 8 bits of current image data
and the 8 bits of reference image data, and determine whether
the difference can be represented by bits of a constant length,
for example. Successively, if the difference can be repre-
sented by bits of'a constant length, the DPCM encoder 64 may
output the difference as compressed data of the current image
data to the MUX 66. In this embodiment, if the difference
cannot be represented by bits of a constant length, the DPCM
encoder 64 may output the 8 bits of current image data
directly to the bit shifter 62.

According to the data compression format illustrated in
FIG. 5, for example, the bits of constant length among the 8
bits of current image data corresponding to the R or G com-
ponent become 4 bits, and the bits of constant length among
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the 8 bits of current image data corresponding to the B com-
ponent become 3 bits. That is, the DPCM encoder 64 may
calculate the difference between the 8 bits of current image
data corresponding to the R or G component received from
the mode selection unit 63, and the 8 bits of reference image
data corresponding to the current image data, and determines
whether the difference is ina range of -8 to 7, i.e., whether the
difference can be represented by 4 bits. Then, if the difference
is in the range of -8 to 7, the DPCM encoder 64 may output
the difference as compressed data of the current image data to
the MUX 66. If the difference is not in the range of -8 to 7, the
DPCM encoder 64 may output the 8 bits of current image data
to the bit shifter 62, and the 8 bits of current image data may
bebit-shifted. In this embodiment, bit-shifting may be repeat-
edly performed until the difference between the 8 bits of
current image data corresponding to the R or G component
and the reference image data corresponding to the current
image data can be represented by 4 bits,

Alternatively, if the difference cannot be represented by 4
bits, the PCM encoder 65 may merely truncate 4 bits of the 8
bits of current image data corresponding to the color compo-
nent of the pixel of the 2x2 block received from the mode
selection unit 63, according to the mode selected by the mode
selection unit 63, to compress the current image data. In more
detail, if the mode selected by the mode selection unit 65 is a
PCM encoding mode, the PCM encoder 65 may truncate the
lower 4 bits of the 8 bits of current image data corresponding
to the color component of each pixel of the 2x2 block received
from the mode selection unit 63, and output the remaining 4
bits of the current image data as the compressed data of the
current image data to the MUX 66.

The MUX 66 thereafter multiplexes the 4 bits of mode data
representing the mode selected by the mode selection unit 63,
with a total of 44 bits of the compressed data received from
the DPCM encoder 64 and/or the compressed data received
from the PCM encoder 65, and may further store 48 bits of
data in the memory 22.

FIG. 7 is a view for explaining a mode 0 in which the data
compression system 21, for example, illustrated in FIG. 6,
compresses data without shifting bits of any color compo-
nents.

Referring to FIG. 7, in this mode, 8 bits of current image
data input to the DPCM encoder 64 have not been subjected
to bit-shifting by the bit shifter 62, regardless of the type of
color component of the 8 bits of current image data.

In this case, the DPCM encoder 64 calculates a difference
between 8 bits of current image data corresponding to the R
component of a pixel P0 received from the mode selection
unit 63 and 8 bits of reference image data corresponding to the
R component of a pixel P-1. If the difference can be repre-
sented by 4 bits, that is, if the difference is in a range of -8 to
7, the DPCM encoder 64 outputs the difference as 4 bits of
compressed data to the MUX 66. However, if the difference is
not in the range of -8 to 7, i.e., if the difference cannot be
represented by 4 bits, the DPCM encoder 64 may output the
8 bits of current image data corresponding to the R compo-
nent of the pixel PO received from the mode selection unit 63,
to the bit shifter 62. In addition, the DPCM encoder 64 may
process 8 bits of current image data corresponding to the G
component of the pixel P0 received from the bit shifter 62, in
the same way as the processing of the R component.

In addition, the DPCM encoder 64 may calculate a difter-
ence between 8 bits of current image data corresponding to
the B component of the pixel PO received from the mode
selection unit 63 and 8 bits of reference image data corre-
sponding to the B component of the pixel P-1. If the differ-
ence can be represented by 3 bits, that is, if the difference is in
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a range of -4 to 3, the DPCM encoder 64 may output the
difference as 3 bits of compressed data. If the difference is not
in the range of —4 to 3, i.e., the difference cannot be repre-
sented by 3 bits, the DPCM encoder 64 may output the 8 bits
of current image data corresponding to the B component of
the pixel PO received from the mode selection unit 63, back to
the bit shifter 62.

The DPCM encoder 64 may process pixels P1, P2, and P3
received from the mode selection unit 63 in a similar manner
as the processing of the pixel P0, for example.

FIG. 8 is a view for explaining a mode 1 in which the data
compression system 21, for example, illustrated in FIG. 6,
compresses data after shifting the bits of a B color component
by 1 bit without shifting the bits of R and G color components.

Thus, referring to FIG. 8, 8 bits of current image data for
the R and G components input to the DPCM encoder 64 may
not have been subjected to bit-shifting by the bit shifter 62,
while the 8 bits of current data of the B component may have
been subjected to bit-shifting of 1 bit by the bit shifter 62.

In this case, if the 8 bits of current data is an R or G
component, the DPCM encoder 64 may process the R or G
component in a similar way as the processing described above
with reference to FIG. 7, for example. If 8 bits of current
image data, shifted by 1 bit, corresponding to the B compo-
nent of a pixel PO, is received from the mode selection unit 63,
the DPCM encoder 64 may calculate a difference between the
8 bits of current image data and reference image data shifted
by 1 bit, corresponding to the B component of a pixel P-1. If
the difference can be represented by 3 bits, that is, if the
difference is in a range of —4 to 3, the DPCM encoder 64 may
output the difference as 3 bits of compressed data. If the
difference is not in the range of -4 to 3, the DPCM encoder
may 64 output the 8 bits of current image data corresponding
to the B component of the pixel P0 received from the mode
selection unit 63, back to the bit shifter 62. Here, that the
difference between the current image data shifted by 1 bit and
the reference image data shifted by 1 bit is in the range of -4
to 3, means that a difference between original current image
data not bit-shifted and original reference image data not
bit-shifted is in a range of -8 to 7. As such, when the 8 bits of
current image data corresponding to the B component is
shifted by 1 bit to the right, the bit LSB 1 of the 8 bits of
current image data is not considered when the current image
data is compressed. If the bit LSB 1 of the 8 bits of current
image data is unconditionally set to a binary value “1”” when
the current image data is reconstructed, a maximum error
between the original data value and its reconstructed data
value becomes “1”.

In addition, the DPCM encoder 64 may process pixels P1,
P2, and P3 received from the mode selection unit 63, in a
similar manner as the processing of the pixel P0.

FIG. 9 is a view for explaining a mode 2 in which the data
compression system 21, for example, illustrated in FIG. 6,
compresses data after bit-shifting all color components by 1
bit.

Referring to FI1G. 9, 8 bits of current image data input to the
DPCM encoder 64 have been subjected to bit-shifting of 1 bit
by the bit shifter 62, regardless of the type of color component
of'the 8 bits of current image data.

In this case, if the 8 bits of current image data is a B
component, the DPCM encoder 64 may process the B com-
ponent in a similar manner as the processing illustrated above
with reference to FIG. 8. If the 8 bits of current image data is
the R component of a pixel PO received from the mode selec-
tion unit 63, the DPCM encoder 64 may calculate a difference
between the current image data, and reference image data
shifted by 1 bit, corresponding to the R component of a pixel
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P-1. If the difference can be represented by 4 bits, that is, if
the difference is in a range of -8 to 7, the DPCM encoder 64
may output the difference as 3 bits of compressed data. If the
difference is not in the range of -8 to 7, the DPCM encoder 64
may output the 8 bits of current image data corresponding to
the R component of the pixel PO, back to the bit shifter 62.
Here, that the difference between the current image data
shifted by 1 bit and the reference image data shifted by 1 bit
is in the range of -7 to 8, means that a difference between
original current image data not bit-shifted and original refer-
ence image data not bit-shifted is in a range of =16 to 15. As
such, when the 8 bits of current image data corresponding to
the R component is shifted by 1 bit in the right direction, the
bit LSB 1 of the 8 bits of current image data is not considered
when the current image data is compressed. [fthe bit LSB 1 of
the 8 bits of current image data is unconditionally set to a
binary value “1” when the current image data is recon-
structed, a maximum error between the original data value
and the reconstructed data value becomes “1”".

In addition, if 8 bits of current image data of a pixel P0
received from the mode selection unit 63 is a G component,
the DPCM encoder 64 may process the G component, in a
similar manner as the processing of the R component. Fur-
ther, the DPCM encoder 64 may process pixels P1, P2, and P3
received from the mode selection unit 63, in a similar manner
as the processing of the pixel P0.

FIG. 10 is a view for explaining a mode 3 in which the data
compression system 21, for example, illustrated in FIG. 6,
compresses data after shifting R and G color components by
1 bit, respectively, and shifting a B color component by 2 bits.
The mode 3 illustrated in FIG. 10 has a different number of bit
shifting operations, from the modes 0, 1, and 2 illustrated in
FIGS. 7,8, and 9. However, the mode 3 derives from the same
technical concept as the above-described modes 0, 1, and 2
illustrated in FIGS. 7, 8, and 9, and therefore a detailed
description thereof will be further omitted. If 8 bits of current
image data corresponding to a B component is shifted by 2
bits to the right, the lower 2 bits of the 8 bits of current image
data are not considered when the current image data is com-
pressed. If the lower 2 bits of the 8 bits of current image data
are unconditionally set to a binary value “10” when the cur-
rent image data is reconstructed, a maximum error between
the original data value and the reconstructed data value
becomes “2”.

FIG. 11 is a view for explaining a mode 4 in which the data
compression system 21, for example, illustrated in FIG. 6,
compresses data after shifting all color components by 2 bits,
respectively.

FIG. 12 is a view for explaining a mode 5 in which the data
compression system 21, for example, illustrated in FIG. 6,
compresses data after shifting R and G color components by
2 bits, respectively, and shifting a B color component by 3
bits.

FIG. 13 is a view for explaining a mode 6 in which the data
compression system 21, for example, illustrated in FIG. 6,
compresses data after shifting all color components by 3 bits.

FIG. 14 is a view for explaining a mode 7 in which the data
compression system 21, for example, illustrated in FIG. 6
compresses data after shifting R and G color components by
3 bits, respectively, and shifting a B color component by 4
bits.

The modes 4 through 7 illustrated in FIGS. 11 through 14
have different numbers of bit shifting operations, from the
modes 0 through 3 illustrated in FIGS. 7 through 10 However,
the modes 4 through 7 derive from the same technical concept

10

15

20

25

30

35

40

45

50

55

60

65

12

as the above-described modes 0 through 3 illustrated in FIGS.
7 through 10, and therefore further detailed descriptions
thereof will be omitted.

FIGS. 15,16, and 17 are views for explaining modes 8, 9,
and 10 in which the data compression system 21, for example,
illustrated in FIG. 6, compresses data after shifting all color
components by 4 bits, respectively.

In particular, in the mode 8 illustrated in FIG. 15, the data
compression system 21 may compress data using the PCM
method with respect to R and G components, and compresses
data using the DPCM method with respect to a B component.
By applying the DPCM method after shifting 8 bits of current
image data by 4 bits to the right, the lower 4 bits of the current
image data are not considered when the current image data is
compressed. Likewise, in the case of the PCM method, since
the lower 4 bits of current image data are not considered, an
error between an original data value and its reconstructed data
value is not reduced although the DPCM method is used ifthe
number of bit shifting operations is 4 or more. Accordingly, in
this embodiment, if the number of bit shifting operations is 4
or more, the PCM method having an amount of calculations
much less than that of the DPCM method is used.

Further, in the mode 9 illustrated in FIG. 16, the data
compression system 21 may compress data using the PCM
method with respect to R, G, and B components. In particular,
in FIG. 16, the data compression system 21 may extend the
size of compressed data corresponding to a B component to 4
bits, and unconditionally set the MSB (Most Significant Bit)
of'the compressed data to a binary value “0”. Accordingly, the
value of the current image data corresponding to the B com-
ponent becomes equal to or smaller than 128.

In the mode 10 illustrated in FIG. 17, the data compression
system 21, for example, may compress data using the PCM
method with respect to R, G, and B components. In particular,
in FIG. 17, the data compression system 21 may extend the
size of compressed data corresponding to a B component to 4
bits, and unconditionally set the MSB (Most Significant Bit)
of the compressed data to a binary value “1”. Accordingly,
here, the value of the current image data corresponding to the
B component must be greater than 128.

FIG. 18 is a view for explaining a mode 11 in which the data
compression system 21, for example, illustrated in FIG. 6,
compresses data after shifting R and G color components by
4 bits, respectively, and shifting a B color component by 5
bits. In the embodiment shown in FIG. 18, the data compres-
sion system 21 compresses data using the PCM method with
respect to R, G, and B components. In particular, in FIG. 18,
the data compression system 21 sets the size of compressed
data corresponding to a B component to 3 bits. Accordingly,
when data is compressed, the lower 5 bits of the data are not
considered. When the data is reconstructed, if the lower 5 bits
of'the data is set to a binary value “10000”, a maximum error
between the original data value and its reconstructed data
value becomes “16”.

FIG. 19 illustrates a data compression method, according
to an embodiment of the present invention.

Referring to FIG. 19, the data compression method may
include operations that are sequentially processed by the data
compression system 21, for example, illustrated in FIG. 6.
Accordingly, the above descriptions about the data compres-
sion system 21 illustrated in FIG. 6 may similarly be applied
to the data compression method.

In operation 191, a picture may be received and divided
into units of 2x2 blocks, e.g., as illustrated in FIG. 5.

In operation 192, the indicated number of shifting opera-
tions that are to be applied to current image data correspond-
ing to the 2x2 blocks in operation 191, may be set to “0”.
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In operation 193, if the number of bit shifting operations
applied to 8 bits of current image data corresponding to a
certain color component of a certain pixel of a 2x2 block is 4
or less when the color component is a R or G component, and
is 3 or less when the color component is a B component, the
process may proceed to operation 194. If the number of the bit
shifting operations exceeds 4 when the color component is an
R or G component or exceeds 3 when the color component is
a B component, the process may proceed to operation 198.

In operation 194 a difference between the 8 bits of current
image data corresponding to the color component of the pixel
of the 2x2 block and reference image data corresponding to
the current image data may be calculated.

In operation 195, whether the calculated difference can be
represented by bits of a constant length may be determined. If
the difference can be represented by bits of a constant length,
the process may proceed to operation 196, and if the differ-
ence cannot be represented by bits of a constant length, the
process may proceed to operation 197.

In operation 196, the difference may be output as com-
pressed data of the current image data.

In operation 197, 8 bits of current image data correspond-
ing to the color component of the pixel of the 2x2 block and
8 bits of reference image data corresponding to the current
image data may be shifted, in a unit of 1 bit, in a direction to
the right. Then, the indicated number of bit-shifting opera-
tions of the current image data may be increased by “1”, and
the process may return to operation 193.

In operation 198, 4 bits of the 8 bits of current image data
corresponding to the color component of the pixel of the 2x2
block may be truncated and the remaining 4 bits of the current
image data may be output as compressed data of the current
image data.

In operation 199, 4 bits of mode data indicating either of a
DPCM encoding mode and a PCM mode corresponding to
the number of bit-shifting operations of the current image
data may be multiplexed with the total of 44 bits of the
compressed data output in respective operation 196 and
operation 198, such that the resultant 48 bits of data may be
stored, e.g., in the memory 22.

FIG. 20 illustrates a data reconstruction system, such as the
data reconstruction system 23 illustrated in FIG. 2, according
to an embodiment of the present invention. Below, the refer-
ence to the data reconstruction system 23 is used only as an
example, and alternative data reconstruction systems are
equally available.

Referring to FIG. 20, the data reconstruction system 23
may include a DEMUX 201, a mode identifying unit 202, a
bit shifter 203, a DPCM decoder 204, a PCM decoder 205,
and a merger 206, for example.

The DEMUX 201 may read 48 bits of data from the
memory 22, extracts 4 bits of mode data and 44 bits of
compressed data from the 48 bits of data, and output the 4 bits
of mode data and the 44 bits of compressed data to the mode
identifying unit 202.

The mode identifying unit 202 identifies the mode selected
by the data compression system 21, from among a plurality of
modes which can compress current image data corresponding
to a 2x2 block, for example, using the example 4 bits of mode
data received from the DEMUX 201. In addition, the mode
identifying unit 202 may output the 44 bits of compressed
data received from the DEMUX 201 to the bit shifter 203 or
the PCM decoder 205, according to the identified mode. That
is, if the 4 bits of mode data received from the DEMUX 201
indicates one of the modes 0 through 7, the mode identifying
unit 202 may output the 44 bits of compressed data received
from the DEMUX 201 to the bit shifter 203. Further, if the 4
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bits of mode data received from the DEMUX 201 indicates
one of the modes 9 through 11, the mode identifying unit 202
may output the 44 bits of compressed data received from the
DEMUX 201 to the PCM decoder 205. If the 4 bits of mode
data received from the DEMUX 201 indicates the mode 8, the
mode identifying unit 202 may output 32 bits of compressed
data corresponding to R and G components from among the
44 bits of compressed data received from the DEMUX 201, to
the PCM decoder 205, and outputs 12 bits of compressed data
corresponding to a B component from among the 44 bits of
compressed data received from the DEMUX 201, to the bit
shifter 203.

The bit shifter 203 may shift bits of a constant length, e.g.,
4 bits of compressed data, corresponding to a difference
between 8 bits of current image data and reference image data
corresponding to the current image data, by the number of
bit-shifting operations of the 8 bits of current image data
indicated by the mode identified by the mode identifying unit
202, inaunitof abit. In particular, the bit shifter 203 may shift
the compressed data in a direction to the left, which is the
reverse direction of the bit shifting operations performed
when the current image data is compressed. Shifting the 4 bits
of compressed data to the left in a unit of 1 bit means shifting
the image data in the Most Significant Bit (MSB) side.
Accordingly, shifting 8 bits of compressed data in a unit of 1
bit is equivalent to doubling the 8 bits of compressed data
value.

In addition, the bit shifter 203 may then add a binary value
corresponding to the number of bit-shifting operations of the
8 bits of current image data, to the bit-shifted 4 bits of com-
pressed data, thus restoring the difference between the current
image data and the reference image data, and output the
restored difference to the DPCM decoder 204. For example, if
the mode identified by the mode identifying unit 202 is the
mode 4, e.g., as illustrated in FIG. 11, the lower 2 bits of the
current image data are not considered when the current image
data is compressed. Accordingly, the bit shifter 203 may add
a binary value “10” as a value of the lower 2 bits to the
bit-shifted 4 bits of compressed data

The DPCM decoder 204 may add the difference between
the current image data and the reference image data, to the 8
bits of reference image data, according to the mode identified
by the mode identifying unit 202, thereby reconstructing the
8 bits of current image data. In more detail, if the mode
identified by the mode identifying unit 202 indicates a mode
in which the DPCM method is used, the DPCM decoder 204
may add the difference between the current image data and
the reference image data to the 8 bits of reference image data,
thereby reconstructing the 8 bits of current image data. In
particular, the DPCM decoder 204 may select reference
image data corresponding to the current image data, in a
similar manner as the reference image data selecting method
is used by the data compression system 21, for example.

The PCM decoder 205 may add 4 bits of a binary value to
the 4 bits of compressed data received from the mode identi-
fying unit 202, according to the mode identified by the mode
identifying unit 202, thereby reconstructing the current image
data. In more detail, if the mode identified by the mode
identifying unit 202 is a mode in which the PCM method is
used, the PCM decoder 205 adds 4 bits of a binary value, for
example, “1000”, to the 4 bits of compressed data received
from the mode identifier 202, thereby reconstructing the cur-
rent image data.

The merger 206 may merge the current image data recon-
structed by the DPCM decoder 204 and the current image data
reconstructed by the PCM decoder 205, that is, to generate the
total 96 bits of 2x2 blocks, thereby reconstructing a picture.
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FIG. 21 illustrates a data reconstruction method, according
to an embodiment of the present invention.

Referring to FIG. 21, in an embodiment, the data recon-
struction method may include operations which are sequen-
tially processed by the data reconstruction system 23, e.g., as
illustrated in FIG. 20. Accordingly, in such an embodiment,
above descriptions about the data compression system 23
illustrated in FIG. 20 may similarly be applied to the data
compression method.

In operation 211, 48 bits of data may be read from the
memory 22, and 4 bits of mode data and 44 bits of compressed
data may be extracted from the 48 bits of data.

In operation 212, a mode selected for compression, e.g., by
the data compression system 21, from among a plurality of
modes which can compress current image data corresponding
to a 2x2 block, may be identified from the 4 bits of mode data
extracted in operation 211. If the identified mode is a mode in
which the DPCM method is used, the process may proceed to
operation 213, and if the identified mode is a mode in which
the PCM method is used, the process may proceed to opera-
tion 215.

In operation 213, 4 or 3 bits of compressed data may be
shifted by the number of bit-shifting operations of the 8 bits of
current image data indicated by the mode identified in opera-
tion212, in a unit of 1 bit, in a direction to the left, and a binary
value corresponding to the number of bit-shifting operations
of the 8 bits of current image data may be added to the 4 or 3
bits of compressed data, thereby restoring the difference
between the current image data and the reference image data.

In operation 214, the difference between the current image
data and the reference image data may be added to the 8 bits
of reference image data, thereby reconstructing the 8 bits of
current image data.

In operation 215, 4 bits of a binary value may be added to
the 4 bits of compressed data, thereby reconstructing the
current image data.

In operation 216, the reconstructed current image data
reconstructed in operation 214 may be merged with the recon-
structed current image data reconstructed in operation 215, to
generate the total 96 bits of 2x2 blocks, and thereby recon-
structing the corresponding picture.

In addition to the above described embodiments, embodi-
ments of the present invention can also be implemented
through computer readable code/instructions in/on a
medium, e.g., a computer readable medium, to control at least
one processing element to implement any above described
embodiment. The medium can correspond to any medium/
media permitting the storing and/or transmission of the com-
puter readable code.

The computer readable code can be recorded/transferred
on a medium in a variety of ways, with examples of the
medium including recording media, such as magnetic storage
media (e.g., ROM, floppy disks, hard disks, etc.) and optical
recording media (e.g., CD-ROMs, or DVDs), and transmis-
sion media such as carrier waves, as well as through the
Internet, for example. Thus, the medium may further be a
signal, such as a resultant signal or bitstream, according to
embodiments of the present invention. The media may also be
a distributed network, so that the computer readable code is
stored/transferred and executed in a distributed fashion. Still
further, as only an example, the processing element could
include a processor or a computer processor, and processing
elements may be distributed and/or included in a single
device.

As described above, according to one or more embodi-
ments of the present invention, by compressing and/or recon-
structing image data selectively using one of a DPCM method
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and a PCM method, it is possible to significantly lower the
complexity of an image encoder/decoder system and exactly
meet a picture-based CBR required by LCD DCC devices/
systems. Furthermore, according to one or more embodi-
ments of the present invention, since data is compressed
and/or reconstructed in a unit of a 2x2 block made up of 4
pixels, using the DPCM method and the PCM method, it is
possible to compress data without subjective picture quality
deterioration of original images.

Although a few embodiments of the present invention have
been shown and described, it would be appreciated by those
skilled in the art that changes may be made in these embodi-
ments without departing from the principles and spirit of the
invention, the scope of which is defined in the claims and their
equivalents.

What is claimed is:

1. A data compression method comprising:

determining a difference between first data corresponding
to a plurality of first sub-pixels included in a first pixel
block and second data corresponding to a plurality of
second sub-pixels included in a second pixel block cor-
responding to the first pixel block;

when the difference satisfies a first specified condition,
generating first compressed data corresponding to the
first data based at least in part on the difference; and

when the difference satisfies a second specified condition,
generating second compressed data corresponding to the
first data at least in part by truncating at least one portion
of the first data;

wherein the determining comprises selectively applying a
bit shifting operation on one of at least one of the plu-
rality of first sub-pixels and at least one of the plurality of
second sub-pixels.

2. The method of claim 1, wherein the determining com-
prises selecting at least one pixel block from among pixel
blocks adjacent to the first pixel block, and determining the
second pixel block based on the selected at least one pixel
block.

3. The method of claim 2, wherein the second data is
determined from pixels of data most similar to the first data
from among the pixel blocks adjacent to the first pixel block.

4. The method of claim 2, wherein the second data com-
prises average data of specified pixels adjacent to the first
pixel block.

5. The method of claim 1, wherein the generating of the
first compressed data comprises generating at least one por-
tion of the first data based at least in part on bits having a
specified constant length.

6. An apparatus comprising:

a first encoder configured to generate first compressed data
corresponding to first data by using a difference between
the first data corresponding to a plurality of first sub-
pixels included in a first pixel block and second data
corresponding to a plurality of second sub-pixels
included in a second pixel block corresponding to the
first pixel block; and

a second encoder configured to, when the difference satis-
fies a specified condition, generate second compressed
data corresponding to the first data by truncating at least
one portion of the first data; and

a memory configured to store output from the first or sec-
ond encoder;

wherein at least one of the plurality of first sub-pixels or at
least one of the plurality of second sub-pixels are to be
selectively applied to a bit shift operation.
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7. The apparatus of claim 6, wherein the second pixel block
is selected from among at least one pixel block adjacent to the
first pixel block.

8. The apparatus of claim 6, wherein the second data is data
most similar to the first data, from among data of at least one
pixel block adjacent to the first pixel block.

9. The apparatus of claim 6, wherein the second data is
average data of a plurality of pixels adjacent to the first pixel
block.

10. The apparatus of claim 6, wherein the first encoder is
configured to generate at least one portion of the first data
based at least in part on a bit having a specified constant
length.

11. A data compression method comprising:

determining a difference between first data corresponding

to a plurality of first sub-pixels included in a first pixel
block and second data corresponding to a plurality of
second sub-pixels included in a second pixel block cor-
responding to the first pixel block;

compressing the first data by using one of a first compres-

sion mode or a second compression mode based on
whether the difference satisfies a specified condition;
and

wherein the determining comprises selectively applying a

bit shifting operation on at least one of the plurality of
first sub-pixels or at least one of the plurality of second
sub-pixels.

12. The method of claim 11, wherein the compressing
comprises compressing the first data by using the difference
in the first compression mode.
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13. The method of claim 11, wherein the compressing
comprises generating at least one portion of the first data
based at least in part on a bit having a specified constant
length.

14. The method of claim 11, wherein the compressing
comprises truncating at least one portion of the first data in the
second compression mode.

15. The method of claim 11, wherein the determining com-
prises determining the second pixel block based at least in
part on at least one pixel block from among pixel blocks
adjacent to the first pixel block.

16. The method of claim 11, wherein the second data is
determined from pixels of data most similar to the first data
from among pixel blocks adjacent to the first pixel block.

17. The method of claim 11, wherein the second data
comprises average data of specified pixels adjacent to the first
pixel block.

18. The method of claim 1, wherein the generating of the
first compressed data is performed when the difference falls
within a specified range, and wherein the generating of the
second compressed data is performed when the difference
falls outside the specified range.

19. The apparatus of claim 6, wherein the first encoder is
configured to generate the first compressed data when the
difference falls within a specified range, and wherein the
second compression module generates the second com-
pressed data when the difference falls outside the specified
range.

20. The method of claim 11, wherein the compressing of
the first data is performed based on whether the difference
falls within a specified range.
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